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Introduction
Pulmonary rehabilitation aims to optimize the quality of life of patients with chronic lung diseases (CLD), typically those with chronic obstructive pulmonary disease (COPD), through an individually tailored programme of education, exercise and psychosocial support [1] . Furthermore, the available evidence supports the utilization of pulmonary rehabilitation in to the management of patients with CLD other than COPD as well [2] [3] [4] . This is based on reports demonstrating increased functional exercise capacity and improved quality of life after pulmonary rehabilitation in these patients [5] [6] [7] [8] .
While data are available about the benefits of pulmonary rehabilitation in COPD in terms of reducing health care utilization [9, 10] , Sullivan et al. indicated that there is less evidence concerning the economic consequences of premature mortality and disability associated with cases of CLD other than COPD [11] . Moreover, data on the benefits of pulmonary rehabilitation and the burden of CLD are especially scant in developing countries. A report from a university hospital in Saudi Arabia showed that one-quarter of admissions of patients with respiratory diseases were due to CLD. In this category 20%-30% of patients would stay in the hospital for more than 2 weeks [12] . Therefore, the objectives of the present study in Riyadh were to investigate the impact of pulmonary rehabilitation on health care utilization in a group of patients with CLD other than COPD and to identify factors that may predict adherence to the rehabilitation programme.
Methods

Subjects and setting
This retrospective study was conducted at the pulmonary rehabilitation centre at King Abdulaziz Medical City, Riyadh, Saudi Arabia. The medical records of patients referred for pulmonary rehabilitation between 1 July 2004 and 15 January 2008 were reviewed. Institutional approval for conducting the study was obtained from the institutional review board. Patient data were coded at inclusion in the database to preserve confidentiality.
This study included adult patients, aged more than 18 years, with diagnoses of bronchiectasis, severe uncontrolled asthma, interstitial lung diseases (ILD) or scoliosis. The diagnosis of ILD or bronchiectasis was confirmed by computed tomography of the chest, while spirometery and chest radiographs were used to confirm the diagnoses of asthma and scoliosis respectively. Asthma patients who had frequent visits to either the emergency department or hospital were included after a comprehensive management plan had been drawn up. Patient records were available for 12 months before the start of pulmonary rehabilitation and 12 months after the completion of pulmonary rehabilitation or the last visit (for nonadherent patients). Exclusion criteria included incomplete medical records, nonadherence to the pulmonary rehabilitation programme and lack of initial evaluation by the pulmonary rehabilitation therapist.
Patients were initially interviewed by a pulmonary rehabilitation physiotherapist as part of the initial assessment on entry in the programme. No quality of life measures were assessed as such instruments were not available in Arabic language until late 2006.
Pulmonary rehabilitation
Adherence to the pulmonary rehabilitation programme required the patient to complete the pulmonary rehabilitation protocol in the outpatient department by attending a 1-hour session, 2-3 times per week, throughout a period of 8-12 weeks for a total of 18-24 sessions. Patients were discharged from the pulmonary rehabilitation programme at 8 weeks provided that they had attended 18 sessions or until they completed 18 sessions within 8-12 weeks.
The pulmonary rehabilitation programme comprised education, exercise and psychosocial support. The exercise programme included a combination of a stationary cycle, treadmill, arm ergometer and stair stepping. The exercise programme was tailored for each patient based on their physiological parameters and the physiotherapist's judgement. Specific exercises for the upper and lower extremities were included, as well as strength and flexibility exercises. Small group education sessions were conducted by the appropriate specialist.
Data collection
Demographic data and basic physiological parameters were collected at the initial visit. This included 6-minute walking distance (6MWD) and distances logged on the treadmill, arm ergometer and bicycle. The following endpoints were recorded: number of visits to the emergency department, admissions to the hospital and number of visits to the pulmonary outpatient department. The forced expiratory volume in 1 second (FEV1) and other spirometric values were was determined using a pulmonary function machine (Jaeger Master Lab). It was calculated from the best of at least 3 trials of FEV1 measurements after bronchodilator inhalation as per the standards of the American Thoracic Society [13] . The 6-min. walking distance followed guidelines for obtaining the best of 2 tests [14] . PaO 2 and PaCO 2 were measured in the laboratory using standard methods.
Statistical analysis
Continuous variables were summarized by calculating the mean and standard deviation (SD), whereas categorical variables were summarized by calculating the number and percentage. The association between different categorical variables was assessed using the chi-squared test, whereas the paired and unpaired t-test was used to test differences between continuous variables. A P-value of < 0.05 was regarded as statistically significant. SPSS, version 17.0, was used for data management and analysis.
Results
A total of 51 patients with CLD other than COPD were included in this study: 21 patients (41.2%) diagnosed with ILD, 18 (32.3%) with bronchiectasis, 7 (13.7%) with a history of severe uncontrolled asthma and 5 (9.8%) with scoliosis. Tables 1 and 2 show the demographic and initial physiological parameters of the study population. They comprised 15 males (29.4%) and 36 females (70.6%) with a male female ratio of 2.4:1 and with a mean age of 57.2 (SD 13.2) years. Of the study group, 32 patients (62.7%) were adherent to the rehabilitation programme (Table 1) . Table 2 shows the patients' pattern of health care utilization 12 months prior to the pulmonary rehabilitation programme. Each patient required on average 2.0 (SD 2.4) visits to the emergency department, 1.5 (SD 4.6) admissions to the hospital and 4.3 (SD 2.3) visits to the pulmonary outpatient clinic. They also used an average of 7.1 (SD 4.5) canisters of short-acting broncho dilators, 201 (SD 287) mg cumulative doses of prednisone and 2.7 (SD 2.8) courses of antibiotics.
There was no significant difference between adherent and non-adherent patients in terms of initial physiological parameters (Table 3) . However, adherent patients made a significantly higher mean number of emergency department visits [2.5 (SD 2.9) versus 1.6 (SD 1. Twelve months after completing the pulmonary rehabilitation programme, there were significant improvements in 6MWD (average increase 113 m) and distance achieved on the treadmill (268 m increase), bicycle (1824 m increase) and arm ergometer (867 m increase) for the whole group of 32 adherent patients (Table 4 ). The differences were significant for the subgroups with ILD and bronchiectasis, although they did not reach statistical significance in patients with asthma and scoliosis. Fewer emergency department and outpatient visits as well as fewer prescriptions for short-acting bronchodilators and prednisone were also recorded 12 months after completion of pulmonary rehabilitation in the adherent group.
Discussion
In the present study we show that there was a significant improvement in functional exercise capacity 12 months after the completion of the pulmonary rehabilitation programme in a group of patients with CLD other than COPD. The improvement in functional exercise capacity was reflected by the patient's ability to walk 113 m longer over 6 minutes. This report also showed a positive impact on the burden of these diseases as manifested by reduced lengths of hospital stay, fewer emergency department and outpatient visits and fewer prescriptions for short-acting bronchodilator inhalers, antibiotics and prednisone. Additionally, the health care utilization pattern of patients prior to pulmonary rehabilitation may predict their adherence to the programme. Because there is no standardized rehabilitation protocol for non-COPD diseases, the patients in this study were offered the same exercise training programme recommended to COPD patients. The other components of education and psychosocial support were customized to offer knowledge related to each disease category. Almost two-thirds of the study group (62.7%) was adherent to the rehabilitation programme. When compared with adherent patients, patients in the nonadherent group tended to have more emergency department visits, admissions to the hospital and prescriptions for prednisone and antibiotics. Therefore, our findings suggest that patients' behaviour may predict adherence. Although patients with ILD had lower adherence, those who completed the pulmonary rehabilitation programme clearly benefited. This was in contrast of a randomized controlled study conducted by Holland et al. which reported adherence of more than 80% in a group of ILD patients [15] .
Nishiyama et al. showed a significant improvement by 46.3 m in the 6MWD in a group of patients with idiopathic pulmonary fibrosis with FVC of 68% and baseline 6MWD of 476 m [6] . Another study found an improvement of 65 m in the 6MWD in a group of 99 patients with FVC of 62% and baseline 6MWD of 335 m [16] . In the current study, the mean of the improvement in 6MWD was 113 meters, while the baseline FVC was 64% and initial 6MWD was 179 m. There were also significant improvements in the distance achieved on the treadmill, arm ergometer and bicycle. In patients with ILD, exercise limitations can be due to a number of different mechanisms: limited ventilation, gas exchange, diffusion and circulation [17] . Although there was greater improvement in 6MWD, patients with ILD in this study had lower baseline values compared with previous studies, despite comparable FVC. This can be explained by the dependence of the local community on using cars for most of their activities of daily living, leading to low training intensity with consequent deconditioning of the muscles of ambulation, a finding that was observed in patients with COPD from Saudi Arabia [18, 19] . Moreover, patients with lower FEC values may have more room for improvement. This is supported by the finding that muscle strength is considered a good predictor of exercise tolerance [18] . Similar benefits were observed in patients with bronchiectasis as for those with ILD, with an average improvement in 6-min. walking distance of 115.7 m. Though bronchiectasis patients had comparable FEV1 and FVC to patients with ILD, patients with bronchiectasis had better initial baseline values for the 6MWD. Newall et al. showed in a randomized controlled study that patients with bronchiectasis had a significant improvement of 97 m in the shuttle walking test after a standard pulmonary rehabilitation programme [7] . Patients with bronchiectasis share many of the characteristics of those with COPD, such as impairments of pulmonary and peripheral muscles function, as well as nutritional and psychological deficits [8, 18] .
Patients with scoliosis and asthma had higher baseline levels and greater improvements in 6MWD as compared with patients with ILD and bronchiectasis. These changes did not reach statistical significance, probably due to the small sample size. However, there were significant improvements observed in the distance achieved on the treadmill, arm ergometer and bicycle. Patients with asthma showed an improvement of 117 m on the 6MWD; while patients with scoliosis improved by 100 m. Alves et al. described an improvement of 126 m in a group of patients with scoliosis [20] . Exercise limitations in patients with scoliosis are mainly attributed to restriction of lung volume due to spinal deformities.
In this study, clear benefits for patient with CLD were observed after completion of the pulmonary rehabilitation programme, which was reflected in subsequent health care utilization. Both emergency department and outpatient visits were significantly decreased over the 12 months following the programme compared with the period prior to the programme. Differences in the number of emergency department visits did not reach statistical significance when stratified based on disease, a finding that indicates the need for larger studies to confirm these results. On the other hand, the prescription pattern improved, based on the consumption of short-acting bronchodilator inhalers, prednisone and antibiotics. Although the current study showed measurable benefits in a group of patients with CLD other than COPD, a few limitations need to be considered. This was a single-centre study, as our pulmonary rehabilitation centre is the first and only place in the country that provides this service [21] . There were a small numbers of patients in each category, especially scoliosis and asthma, and a larger study is needed to confirm the results. Additionally, the patients included had different diseases, which limit the use of additional outcomes. Finally, quality of life measures were not included because a validated instrument was not available in Arabic until late 2006.
In conclusion, there were improvements in functional exercise capacity after the completion of a pulmonary rehabilitation programme in patients with CLD other than COPD, accompanied by lower rates of utilization of health care resources. Health care utilization patterns and medication use of patients prior to pulmonary rehabilitation may help to predict their
